Purpose: To examine the relevance of visual acuity (VA) and index of contrast sensitivity (ICS) as predictors for visual observation task performance in a maritime environment. Methods: Sixty naval cadets were recruited to a study on observation tasks in a simulated maritime environment under three different light settings. Their ICS were computed based on contrast sensitivity (CS) data recorded by Optec 6500 and CSV-1000E CS tests. The correlation between object identification distance and VA/ICS was examined by stepwise linear regression. Results: The object detection distance was significantly correlated to the level of environmental light (p < 0.001), but not to the VA or ICS recorded in the test subjects. Female cadets had a significantly shorter target identification range than the male cadets. Conclusion: Neither CS nor VA were found to be significantly correlated to observation task performance. This apparent absence of proven predictive value of visual parameters for observation tasks in a maritime environment may presumably be ascribed to the normal and uniform visual capacity in all our study subjects.
Introduction
According to international convention, it is required that 'every vessel shall at all times maintain a proper lookout by sight and hearing as well as by all available means appropriate in the prevailing circumstances and conditions so as to make a full appraisal of the situation and of the risk of collision, stranding and other hazards to navigation' (International Maritime Organization 1972) . In Guidelines on medical examination of seafarers by the International Labour Organization (2011), the internationally agreed minimum occupational requirements are stated. As shown by Schepers (1991) , the requirements are practised differently in different countries. In Norway, personnel acting as lookouts or mariners should previously have a best corrected decimal visual acuity (BCVA) of 1.0 or better tested by a Snellen chart in both eyes (NHD 2001) , but this requirement was recently reduced to BCVA ≥0.5 in both eyes (NFD 2014) .
Visual minimum requirements were developed during the last half of 19th century and were apparently set by both political and scientific considerations (Langmore 1885 ). This duality is still reflected in the new regulations (International Labour Organization 2011), where governmental organizations, employers and employees have agreed on minimum standards. To the best of our knowledge, little research has been performed on visual requirements for seafarers. A study by Donderi (1994) using contrast sensitivity (CS) letter charts (Regan 1988 ) showed a significant relationship between low-contrast visual acuity (LCVA) and visual performance at sea, but found no significant correlation between high-contrast visual acuity (HCVA) and visual performance. On the other hand, several studies on the relationship between CS and performance in other occupations or car driving have been published (Owsley & McGwin 2010; YazdanAshoori & Ten Hove 2010) . In a study on US Air Force pilots, Ginsburg et al. (1982) found CS to be a better predictor than visual acuity (VA) to detect air-toground targets in an aircraft simulator. Owsley & Sloane (1987) reported CS and age to be stronger predictors than VA to estimate visual performance in a picture observation study. Using pictures in a study on simulated visual search performance in 55 selected and trained Canadian military technicians, Stager & Hameluck (1986) also found CS to be a better predictor than VA. In an experimental study on road safety, Wood & Owens (2005) found photopic VA to be of limited value in predicting performance, while improved prediction was obtained by combining photopic VA and photopic CS or mesopic VA.
Contrast sensitivity (CS) can be examined by different methods, such as charts displaying letters or symbols at different contrast levels compared to the background (Rabin & Wicks 1996) or sine-wave gratings in different spatial frequencies (Campbell & Robson 1968) . The interpretation of measured CS values has been a major obstacle in previous efforts to employ CS as a selection criterion for personnel employed in tasks highly dependent on visual performance. Some studies imply that the high-frequency area is most important, others emphasize the middle frequencies and some stress the importance of the lower frequencies (Ginsburg et al. 1982; Evans & Ginsburg 1985; Stager & Hameluck 1986 ). This inspired Haughom & Strand (2013) to describe CS by the so-called index of contrast sensitivity (ICS), which takes all measured frequencies into account, weighting them according to believed importance. Reference values for two different cohorts have been established for this collated index by Haughom & Strand (2013) and Koefoed et al. (2015) . As far as we know, no studies validating ICS against visual performance in simulated situations or in real world have previously been published.
The aim of this study was to examine the relationship between visual observation task performance in simulated maritime environments and recorded VA and CS/ICS.
Subjects and Methods

Study subjects
Subjects were cadets attending the Royal Norwegian Navy Academy (RNoNA) with normal colour vision. Cadets have served in the Norwegian Armed Forces before entering the RNoNA. They are recruited mainly after service in RNoN, but may also represent other military branches. A strict medical selection screening process is not applied on all cadets as other qualifications may be considered as more important for the service. Cadets entering nautical education are required to have BCVA ≥1.0 and uncorrected VA ≥0.5 in one eye and 0.3 in the other. For other cadets, the requirements are BCVA ≥1.0 and VA ≥0.1 uncorrected in both eyes.
Observation task
In order to examine whether CS is a reliable predictor for visual observation task performance, the study had to be controlled for environmental factors. It was therefore carried out in simulators, securing the same environmental test conditions (light, sound, temperature and visual stimuli) for all subjects.
The experiments were conducted using five identical fixed-base, full-scale Polaris bridge simulators (Kongsberg Maritime AS, Horten, Norway) at the RNoNA. Skjold-class simulator models were used, with hydrodynamic and performance characteristics similar to the real vessel. All bridges had a generic layout, with a 270-degree field of vision (180 degrees forward view, 90 degrees aft). The subjects did not use any electronic-or paper-based charts. The simulator ran in autopilot in a preprogrammed route at a speed of 20 knots/hr (37 km/hr).
Along the planned course ( Fig. 1 ), three different objects (Fig. 2) were distributed at randomized distances, orientations and sequences to allow for up to 20 observations at each run. The study subjects were asked to identify and verbally report each object they observed. The time a target was identified was recorded by a secretary, which allowed the identification distance to be calculated in metres, hereafter named 'time-points'. Three different runs with 15 min time limitation were performed with no repetition. The most important environmental factor used was simulated external light at 90%, 80% and 50% relative darkness, defined by the simulator settings, which gave an illusion of low mesopic, mesopic and photopic light conditions. A 10 min dark vision adaptation was applied before the first run in low mesopic light, followed by runs in mesopic and photopic light levels. Simulated engine noise, but no wind or current, was employed.
Visual assessment
Binocular contrast sensitivity (CS) was measured by two commercially available tests using sine-wave gratings in different spatial frequencies. The Optec 6500/FACT (Functional Acuity Contrast Test; Stereo Optical, Chicago, IL, USA) was used for mesopic (3 candela/ m 2 (cd/m 2 )) and photopic (85 cd/m 2 ) measurements at the spatial frequencies of 1.5, 3, 6, 12 and 18 cpd (cycles per degree visual angle). Mesopic CS was first measured after 10 min dark adaptation, and then, the test was repeated in photopic light. The same examiner tested all the study subjects. The data obtained were plotted using the EyeView ™ software. The other test used the CSV-1000E (VectorVision, Greenville, OH, USA) for photopic (85 cd/m 2 ) CS measurements. The test consists of sine-wave gratings for the frequencies 3, 6, 12 and 18 cpd. A second examiner performed this test immediately after the Optec 6500 tests were completed. During the tests, the subjects were encouraged to respond, but not to guess. A forced choice and a strict time limit were not employed.
The first examiner also measured the monocular best eye visual acuity (VA) of each subject using the Optec 6500/ EDTRS chart in long distance mode on a logMAR scale at photopic light conditions (85 cd/m 2 ). The chart has a minimum resolution at À0.20 logMAR.
A third examiner recorded the colour vision using the Ishihara 24-plate pseudoisochromatic test in standardized daylight colour temperature of 6280°Kelvin using the illuminator for pseudoisochromatic tests with Easel (Richmond Products, Albuquerque, NM, USA).
Using the results obtained in our three different CS measurements, the ICS was calculated for each subject. As recommended by Haughom & Strand (2013) , ICS was defined as the sum of the residual differences (positive or negative) from the population median in each frequency. The differences were weighted according to the presumed clinical importance of each frequency. Thus, 6 cpd was given the highest power (factor 3). The frequencies 3 and 12 cpd received factor 2, while the remaining test frequencies were not weighted at all.
Median values (rcpd) to calculate ICS were collected in a previous study by Koefoed et al. (2015) , where reference percentiles also were reported. A performance equivalent to the median of all tested frequencies in the reference cohort should yield an ICS value of zero.
Statistical analyses
The possible relationship between visual capability and visual performance was studied by stepwise linear regression using identification distance as a dependent variable. Age, gender, visual descriptor (VA and ICS), spectacles, time-points and light conditions were independent variables. The low mesopic light condition was a fixed variable. For the identification distance, we used the first ten observations in each light setting. Male and female VA (logMAR) and calculated ICS performance were compared by gender using the Mann-Whitney U-test. The normality of visual data was tested by Shapiro-Wilk test. A t-test was used to test for gender differences in performance and effect of difference in timepoints. The level of significance was set at 0.05. Statistical analyses were performed using IBM SPSS Statistics version 22.0 (IBM corp., Armonk, NY, USA).
Research ethics
This study adhered to the Declaration of Helsinki. The subjects were informed about the objectives and conditions of the study and had to sign a formula of consent. A physician was on call throughout the study, in case of adverse health effects occurring in the study group. The Regional Committee for Medical Research Ethics, Western Norway and the Norwegian Social Science Data Services approved the study protocol. The test subjects were not paid for participating in the study, and they could withdraw from the study at any point. Individual data from the study were not revealed to the Armed Forces and could not be used for medical selection of the candidates.
Results
Subjects
A total of 74 cadets attending the RNoNA volunteered for the study. Due to malfunction in the first run of the simulator, nine cadets had to be excluded from the study. Another five cadets failing the Ishihara 24 plate colour vision test were also excluded. Thus, ten female and 50 male cadets Fig. 2 . The three targets used as objects for observation. The test subjects were instructed to identify the objects, and observation distance was calculated based on time of observation. Fig. 1 . The map shows the preplanned track for a simulated ship's course. Each object (Fig. 2) was placed on the port (left) or starboard (right) side of the course line in a randomized pattern.
with mean age of 24.1 years (range 18-33; SD 2.9) fulfilled the study. The proportion of female and male cadets trained as navigators did not differ significantly. None reported somatic or mental health problems. Six cadets wore contact lenses, ten wore spectacles and three had undergone refractive surgery for myopia. A complete set of CS measurements (Table 1 and Fig. 3 ) and independent variables were obtained from all 60 test subjects. The mean best eye corrected VA in the study group was À0.10 (range À0.20 to 0.16; SD 0.09) at 85 cd/m 2 on a logMAR scale. Neither VA (p = 0.74) nor CS (p = 0.29 to 0.76) differed significantly between female and male cadets. None of the visual tests showed a normal distribution according to Shapiro-Wilk test. Visual acuity (VA) was skewed towards the highest resolution of OPTEC 6500 at À0.20 Log-MAR, indicating a ceiling effect of the test. Also, the calculated ICS values indicated skewness towards the high end of CS.
Task performance
No statistically significant correlations between observation task performance and VA or ICS were found (Table 2 and Fig. 4) . The performance is indicated by a linear trend line. Inspections of the trend lines indicate no significant correlation between observation distance and VA or ICS (R 2 < 0.04 for all). A highly significant improvement of identification distance was recorded for each stepwise increase in environmental light settings when comparing low mesopic, mesopic and photopic light settings (p < 0.001). A statistically significant improvement was also found when identification distance was examined for each observation (time-points) in each run (p < 0.001). The correct identification rate of the observed objects did not differ significantly from time-point one to time-point ten, indicating that the increased observation distance during each run was a learning effect. Male subjects were capable of detecting targets earlier than female subjects in all light conditions correlated to VA and the three different ICS values (p = 0.010 to 0.016). The correct identification rate showed no statistically significant gender difference. Correct identifications rates were 87% in low mesopic light level, 96% in mesopic light level and 95% in photopic light level.
Discussion
The present study aimed to examine the possible correlation between CS and the ability to make observations in a maritime environment. Although it is evident that the quality of vision must be relevant for visual performance at sea, a statistically significant correlation between identification distance and the level of CS expressed by ICS could not be shown. The subjects in our study had been selected for military duty and they all had normal VA (mean logMAR score À0.10, range logMAR À0.20 to 0.16). Most likely, the lack of significant correlations between visual characteristics and observation task performance in our study was mainly caused by the uniform and normal visual function in all our study subjects.
The observation performance in a similar high-vision study group was described in a flight simulator study by Ginsburg et al. (1983) , where 11 pilots observed air-to-ground targets. A statistically significant correlation (r = 0.83, p < 0.01) between identification distance in low visibility conditions and peak CS region in scotopic (0.15 cd/ m 2 ) light was found. A highly significant association between several spatial frequencies and detection range was reported, but unfortunately, only the result in the 'peak region' of a single frequency was published. Visual acuity (VA) was not significantly correlated to identification distance.
In a later real-world study performed in a maritime setting, Donderi (1994) to some degree confirmed the findings of Ginsburg et al. (1983) . The study task was to observe and identify life rafts afloat in a predefined search area. The mean VA in the test group was slightly better than Snellen VA 1.0. The study showed that environmental factors, such as light level, wind, sea state and skips roll, were the most important predictors of detection percentage and detection distance of life rafts. Deficient colour vision and reduced LCVA were also negatively correlated to detection percentage, but not to detection distance. High-contrast visual acuity (HCVA) did not correlate to any of the performance outcomes.
Conceivably, studies including subjects with a wider range of VA and CS might reveal a wider range of responses, giving increased opportunity to detect clinically significant correlations. Wood & Owens (2005) found that a combination of VA and CS, as tested with Pelli-Robson chart, had predictive value for the drivers' ability to detect road objects. They found that the best predictor for detecting road objects was photopic VA in combination with either mesopic VA and/or photopic CS. Their study population differed from ours, having an age span of approximately 50 years and BCVA decimal acuity ≥0.5. Contrast sensitivity (CS) was found to be a significant performance predictor in a group of drivers with significant differences in sine-wave CS when Evans & Ginsburg (1985) studied highway-sign discrimination. Their two study groups had mean Snellen decimal BCVA of 1.15 and 1.21, respectively. This nonsignificant VA difference between the groups may probably explain the lack of VA as a predictor of visual performance also in that study. McGwin et al. (2000) found decimal acuity of <0.2 compared to 1.0 to be the strongest predictor of self-reported reduced night driving performance in an adjusted logistic regression model (odds ratio 6), indicating the need for a large difference in VA to obtain significant predictive value of this parameter.
So far, there is no generally accepted 'gold standard' method to measure and report CS. A valid comparison between our results and those presented in the above-mentioned papers is therefore not readily carried out, as CS and VA were examined by different principles and methods. Ginsburg et al. (1983) and Evans & Ginsburg (1985) studied observation performance correlated to sine-wave single frequencies, Donderi (1994) used a low-contrast acuity chart based on Snellen-type letters printed with varying levels of optotype/background contrast, as described by Regan (1988) . Wood & Owens (2005) and McGwin et al. (2000) used a Pelli-Robson chart (Pelli et al. 1987) , a low-CSV-1000E Index of contrast sensitivity 85 cd/m 2 2.00 1.00 0.00 -1.00 -2.00 -3.00 -4.00
Number of subjects . None of the visual tests showed normal distribution, and all had skewness towards a high-performance result. An ICS value = 0.0 indicates a contrast sensitivity equal to the median of the reference population (Koefoed et al. 2015) . ICD = index of contrast sensitivity, SD = standard deviation.
contrast letter identification chart quite similar to the test used by Donderi (1994) . However, Regan (1988 ), Leguire (1991 and Rohaly & Owsley (1993) have on the other hand debated the usability of letter charts (LC) for measuring CS. In the present study, we chose to use ICS as a measure for CS, aiming to evaluate the relevance of this collated index in a simulated task observation study. In our study, both VA and CS were very similar in female and male subjects. Despite this, the recorded mean target identification distance was significantly shorter in the female cadets. Our main hypothesis for this finding is a presumed gender difference in decision criterion as there was no difference in true identification rate. As previously suggested by Venkatesh & Morris (2000) and Mitchell & Walsh (2004) , females may require a higher degree of positive identification before decision is made, resulting on a shorter identification distance.
Conclusion
Visual object observation performance in a simulated maritime environment was recorded, and the correlation between identification distance and CS was examined. For subjects with normal visual function, the results showed that object observation range was significantly correlated to environmental light conditions, but not to VA or ICS. The apparent nonsignificant correlation between object identification distance and visual function was believed to be due to the uniform levels of VA and CS in our test subjects.
